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Abstract

Background: Previous studies indicate multiple influences on the overall health of HIV-infected persons; however, few
assess and rank longitudinal changes in social and structural barriers that are disproportionately found in impoverished
populations. We empirically ranked factors that longitudinally impact the overall health status of HIV-infected homeless and
unstably housed men.

Methods and Findings: Between 2002 and 2008, a cohort of 288 HIV+ homeless and unstably housed men was recruited
and followed over time. The population was 60% non-Caucasian and the median age was 41 years; 67% of study
participants reported recent drug use and 20% reported recent homelessness. At baseline, the median CD4 cell count was
349 cells/ul and 18% of eligible persons (CD4<350) took antiretroviral therapy (ART). Marginal structural models were used
to estimate the population-level effects of behavioral, social, and structural factors on overall physical and mental health
status (measured by the SF-36), and targeted variable importance (tVIM) was used to empirically rank factors by their
influence. After adjusting for confounding, and in order of their influence, the three factors with the strongest negative
effects on physical health were unmet subsistence needs, Caucasian race, and no reported source of instrumental support.
The three factors with the strongest negative effects on mental health were unmet subsistence needs, not having a close
friend/confidant, and drug use. ART adherence >90% ranked 5th for its positive influence on mental health, and viral load
ranked 4th for its negative influence on physical health.

Conclusions: The inability to meet food, hygiene, and housing needs was the most powerful predictor of poor physical and
mental health among homeless and unstably housed HIV-infected men in an urban setting. Impoverished persons will not
fully benefit from progress in HIV medicine until these barriers are overcome, a situation that is likely to continue fueling the
US HIV epidemic.

Citation: Riley ED, Neilands TB, Moore K, Cohen J, Bangsberg DR, et al. (2012) Social, Structural and Behavioral Determinants of Overall Health Status in a Cohort
of Homeless and Unstably Housed HIV-Infected Men. PLoS ONE 7(4): e35207. doi:10.1371/journal.pone.0035207

Editor: John E. Mendelson, California Pacific Medicial Center Research Institute, United States of America
Received November 8, 2011; Accepted March 10, 2012; Published April 25, 2012

Copyright: © 2012 Riley et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the National Institutes of Health DA15605, MH54907, and UL1 RR024131. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: eriley@epi-center.ucsf.edu

Introduction directly or indirectly affect an individual’s options and behavior
[12]. Given a variety of competing needs that are uncommon in
general populations [13] and change over time, the broad
economic influence of structural factors are important components
of risk and risk environment among unstably housed persons. We
recently reported that unmet subsistence needs had the strongest
negative effect on the mental and gynecological health of HIV-
infected unstably housed women, while drug use had the strongest

HIV is considered a manageable chronic andition for many influence on physical health (as measured by the SF-36) [14]. The
individuals [7], the benefits have not been realized equally across

populations due to barriers to medical care, treatment adherence
and optimal health among homeless persons [2,8,9,10,11].

Homeless persons disproportionately suffer from serious mental
and physical health problems [1] and are disproportionately
infected with HIV [2]. The added burden of HIV-infection
introduces further risks to overall health [3,4] compounded by
structural barriers to receiving consistent care [5,6]. While
improved antiretroviral medications have led to an era in which

aims of the current study were to determine the extent to which
changing risk factors (i.e., exposure and contexts of risk) influence
the physical and mental health status of HIV-infected homeless
and unstably housed men over time, empirically rank risk factors
by their level of influence and determine whether the most
influential variables previously found among women were also the
most influential variables among men.

Few studies have examined the relative contributions of
behavioral, social and structural factors influencing health
outcomes over time, and even fewer have done so exclusively
among community-recruited unstably housed persons. Structural
factors are the policies, practices, environment and context that

@ PLoS ONE | www.plosone.org 1 April 2012 | Volume 7 | Issue 4 | 35207



Methods

Ethics Statement

All study procedures were conducted with the approval of the
Committee on Human Research at the University of California,
San Francisco. No funding bodies had any role in study design,
data collection and analysis, decision to publish, or preparation of
the manuscript.

Sample Population

In order to include a sample of individuals who reflect San
Francisco’s larger population of homeless adults, methods
developed by Burnam and Koegel were employed to recruit a
probability sample of persons transitioning through homeless and
unstably housed situations [15,16]. From July 2002 to September
2008 a mobile outreach team recruited adults from all San
Francisco homeless shelters, free food programs serving over 100
persons per day, and a random sample of single room occupancy
(SRO) hotels in three neighborhoods selected with probability
proportional to the number of people residing in that hotel. At
small venues, all persons present on recruitment days were invited
to participate in screening activities; at large venues, a subsample
of individuals present (e.g., every third person) was invited to
participate. Individuals who were over 18 years of age and tested
HIV antibody positive were invited to enroll in the current study.
Eligible individuals gave written informed consent to participate in
study activities. During consent interviews, individuals were asked
to answer questions regarding study procedures to address any
issues of illiteracy and ensure understanding. Participants were
asked to make quarterly visits (i.e., every 90 days) to a community-
based field site where they provided blood for CD4 cell count and
viral load assessment, and completed an interviewer-administered
questionnaire to assess factors that might influence health status.

The current analysis is restricted to biological men. Restricting
the population to unstably housed men allowed a focus on
structural barriers that are relevant and limit options within this
population. Thus, by its design, the study recognized the
importance of gender inequalities and poverty as structural factors
inherent to HIV and risk [17].

Outcome Variables: Health Status

All study measures pertained to the 90 days prior to the
interview. Outcome measures of self-reported health such as
physical functioning and mental health are important indicators of
overall health status [18]. Such self-rated health measurements
offer information not consistently captured by clinical assessment
[19], provide a comprehensive assessment of health status that
accounts for co-occurring conditions and interactions between
conditions [20], and provides significant predictors of survival
[21]. The Medical Outcome Study’s Short Form (SF)-36 [22] uses
self-reported information to offer a reliable and valid assessment of
overall health status among unstably housed individuals [23]. Two
composite scores were employed in the current study, a Mental
Composite Score (MCS) and a Physical Composite Score (PCS),
both ranging from 0 to 100 where higher scores indicated better
health.

Main Effects: Health risks

Variables considered as having potential influence on health
status included behavioral, social and structural determinants of
health that have been previously established as important factors
in predicting health. These factors included sociodemographic
variables, including homelessness (slept on the street or in a
homeless shelter); unmet subsistence needs (difficulties gaining
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access to housing, a bathroom, place to wash, clothing or food)
[24]; social/instrumental support (having a friend who would lend
the respondent money or give him a place to sleep) [25]; alcohol
use (>2 drinks/day [26]); any use of heroin, crack cocaine or
methamphetamine; symptoms of withdrawal from heroin, crack
cocaine and alcohol, as detected in the Diagnostic Interview
Schedule-IV [27]; CD4 cell count, viral load and self-reported
adherence to antiretroviral therapy (ART). ART adherence was
defined as 0% among persons who were ART eligible (i.e., CD4
cell count =350 by clinical guidelines in place during the study
period [28]), but not currently taking ART. Health services were
not adjusted in the current study, as service use may be a
consequence of poor health and not a risk factor.

Statistical Methods

Marginal structural models and targeted variable importance
(tVIM) have been used previously to rank influences of social and
structural factors on the overall health status of HIV-infected
impoverished persons [14], and were employed in the current
study. This approach is uniquely suited to handle time-dependent
confounding of variables that are more commonly found in
impoverished populations (e.g., drug use may lead to poor health,
but poor health may lead to subsequent self-medicating drug use
(29])-

tVIM assesses the effects of a large number of variables with
unknown or diverse correlation structures; it more accurately
assesses effects when compared to techniques that rely on
parametric regression models [30,31,32,33]. tVIM estimates the
effect of one variable at a time, which tailors the estimation
approach towards the specific effect of interest, thereby providing
a more accurate effect and assessment of uncertainty. This
approach is important for analyses described herein because
different data types and a broad spectrum of variables were
analyzed, thus a single multivariable regression model approach
was untenable. tVIM involves two steps: First, to ensure that the
exposure preceded the outcome (an assumption of risk and the
statistical models that estimate it) and then fit a marginal structural
model to estimate the target parameter. The marginal structural
model estimated the population-level effect [34] of each risk factor
in the previous quarter on health status of the current quarter (i.e.,
a 1 unit change for MCS or PCS), adjusting for potential
confounding [35]. Variables were considered as potential
confounders in all models for which they were not being
considered as a primary effect, and confounders were assessed
separately for each model estimating a primary effect.

Second, tVIM techniques were applied such that the risk factor-
specific effects were ranked by p-value, which was appropriate for
the current study due to the fact that exposure variables (i.e., risk
factors) had different units of measure. Because the population and
sample size were consistent between models, ranking variables
based on p-value was a standardized approach to ranking effect
estimates (i.e., signal to noise ratio). Thus, ranking is not from the
most negative to the most positive effect, it is from the variable
with the largest population-level effect on the outcome to that with
the smallest.

Results

A 3% refusal rate for study enrollment resulted in a cohort of
288 HIV-infected men. The median age of study participants at
baseline was 41 years (IQR =35-46). Less than 40% of study
participants had graduated from high school, almost 60% were of
non-Caucasian race/ethnicity and 23% reported the recent use of
crack cocaine (Table 1). Regarding structural factors reported at
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baseline, 20% of study participants had slept on the street or in a
homeless shelter, 8% had been incarcerated and 26% had unmet
subsistence needs during the 90 days prior to baseline (Table 1).
Considering a 2% annual loss to follow up and 0.5% annual
mortality rate, the median follow-up time was 15 months per
person.

Physical Health

At baseline, the median viral load in this sample population was
7200 copies/ml, the median CD4 cell count was 349 cells/pl and
18% of eligible persons (CD4<350) took antiretroviral therapy.
Over one-third of study participants reported current symptoms of
chronic illness (Table 1). The population median for overall
physical health (PCS) was 43 (out of 100 possible). Adjusting for all

2008 (N=288).
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significant study confounders, unmet subsistence needs was the
most important explanatory variable (i.e., had the largest effect)
among the study’s estimated effects on the overall physical health
of men in this sample (Table 2). On average, men reporting unmet
subsistence needs had PCS scores that were 3.8% lower (p = 3.4e-
05) than those who did not, after adjusting for all other significant
study confounders. In separate models, and in order of their
adjusted population effect on physical health status scores,
Caucasian participants had PCS scores that were 3.7% lower
(p=1.2e-03) than other racial/ethnic categories; those with no
instrumental support had scores that were 1.6% lower (p =2.2e-
02), and for every unit increase in viral load, PCS scores decreased

~1.8¢-05% (p = 4.1e-02).

Table 1. Baseline Characteristics of HIV-Infected Homeless and Marginally Housed Men living in San Francisco, CA, USA, 2002-

SOCIOECONOMIC

Age

Median =41 (IQR=35-46)

Graduated from high school
Race/ethnicity
African American
Caucasian
Latino
Other
Any minor children living at home (past 90 days)
Incarcerated (past 90 days)
Slept on the street or in a homeless shelter (past 90 days)
SUBSISTENCE NEEDS AND SOCIAL SUPPORT (past 90 days)
Employed
Any income from SSI, SSDI
Current monthly income
Unmet subsistence needs )
Has close friend/confidant
No reported instrumental support
DRUG AND ALCOHOL USE (past 90 days)
Crack cocaine
Heroin
Methamphetamine
Alcohol use (>2 drink/day)
MENTAL HEALTH
CD4 cell count
Viral load
Current symptoms of any chronic health condition §
Overall Physical Health score (PCS)<
MENTAL HEALTH
History of depression
History of schizophrenia
History of manic episodes
History of PTSD
Overall Mental Health Score (MCS)<

38%

38.4%

41.2%

7.4%
13%
0.36%
8%
20%

7%

65%

Median =$815 (IQR=690-878)
26%

68%

28%

23%
12%
2%
9%

Median =349 cells/ul (IQR =178-546)
Median =7,200 copies/ml (IQR = 15-43,250)
33%

Median =43 (IQR =33-50)

35%

3%

22%

16%

Median =46 (IQR=33-55)

WAccess to a bathroom, place to wash, clothing, food and a safe place to sleep.
*Asthma, diabetes, heart disease, high blood pressure or emphysema.

“Out of 100 where a higher score indicates better health.
doi:10.1371/journal.pone.0035207.t001
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driving the epidemic and its influences on health.
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HIV, and the mediation of these influences by health services use,
would facilitate a better understanding of this effect.

Comparing results from the current analysis to our previous
work regarding the health status of HIV-infected unstably housed
women, there are two main points of divergence. First, race/
ethnicity was not among the most influential predictors of health
status among women [60]. Second, after adjusting for basic
subsistence needs, street homelessness was among the strongest
predictors of worse overall health among women [60], while this
effect was not as strong for men in the current study. On the other
hand, the most influential variable in both gender-specific cohorts
is basic subsistence needs. The consistency and strength of this
finding provides evidence that prioritizing basic subsistence needs
(i.e., housing, food, clothing and the use of a bathroom) would lead
to the largest population-level health improvements among
extremely impoverished HIV-infected persons living in the US.

The results of this study should be considered in light of
potential limitations. First, study participants may have underre-
ported behaviors such as drug use, due to social desirability;
however, this would have biased results toward the null, indicating
that effect sizes are at least as extreme as those reported. Second,
data were taken from a single well-resourced metropolitan area
and generalizability may be limited. There is, however, evidence
suggesting similar findings regarding influences of poverty and
housing on health in other metropolitan areas [11,61,62,63,64],
thus, influences of location are likely minimal. Third, models used
in this study assumed that there were no unmeasured confounders
related to health status, and it is possible that residual confounding
existed from unmeasured effects. This limitation is inherent to all
traditional modeling techniques and our inclusion of factors that
have been found by previous studies to be important correlates of
health status was intended to minimize this potential limitation.
Fourth, results suggesting that ART adherence positively influ-
ences mental health may not represent the true causal pathway
(c.g., bascline mental health influences adherence and not the
other way around); however, a marginal structural model
approach was chosen specifically to address these complicated
associations. With IPTW estimation, weights create a pseudo-
population in which the previous mental health outcomes are no
longer confounders, which allows the construction of an unbiased
estimator for the parameter of interest. Results presented here
therefore indicate that, after accounting for influences of mental
health on ART adherence, individuals with high levels of
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adherence had overall mental health scores that were an average
of 3% higher.

Results presented here and in our earlier women’s study [60]
indicate that unmet subsistence needs have the largest population-
level effects on the mental and physical health of unstably housed
HIV-positive individuals and that the biggest population-wide
impact on health would be made by focusing on these issues.
Given that the influences of poverty and housing instability on the
US HIV epidemic are pervasive throughout major risk groups
[37,38,39,40,41,42,43,44], addressing subsistence needs stands to
have broad impact on overall health. Furthermore, given the US
Census Bureau’s recent report indicating that the nation’s poverty
rate rose more than 15% last year, resulting in 46 million
impoverished people living in the United States [65], this impact is
likely growing.

While a combination of behavioral, biomedical and structural
interventions is expected to provide the most effective approach to
HIV prevention [66,67] and HIV treatment, advances in HIV
medicine will not be fully realized by unstably housed persons until
opportunity and choice limited by social and structural barriers are
overcome. Moreover, the social and structural barriers inherent in
poverty are not only likely to continue fueling the US HIV
epidemic until they are overcome, but they now have opportunity
to do so at a faster rate with currently increasing rates of US
poverty.
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